Objectives: (1) to identify the opportunistic fungi from sputum and bronchial wash of patients with lower respiratory tract (LRT) infections in immunocompromised (IC) and immunocompetent (IP) patients, and apparently healthy controls, (2) to detect antibodies against Aspergillus species by double immunodiffusion test (ID). Subjects and methods: Three hundred patients suffering from LRT infections of both IC (150/300) and IP (150/300) patients were included in the study. The clinical specimens collected were samples of sputum (247), bronchial wash (80), and blood (300). The control group was 50 apparently healthy individuals, from whom sputum and blood were obtained. The identification of the isolated fungi was carried out by direct fluorescent and/or light microscopy, culture on different media, and biochemical tests. Moreover, the serums of patients with Aspergillus isolates were tested by double ID test for the detection of specific antibody. Results: One hundred eighty patients showed fungal elements in their clinical specimens (60%). Two hundred four funguses were detected, including 24 samples with 2 types of isolates. The identified fungi were encountered from both IC (60.9%) and IP (39.1%) patients with a significant difference between them (p< 0.001). Nine opportunistic genus-species were identified. Five were filamentous type namely Aspergillus spp., Penicillium spp., Cladosporium spp., Fusarium spp., and Geotrichum spp., while the other 4 were unicellular organisms including Candida spp., Saccharomyces cereviciae, Cryptococcus neoformans, and Rhodotorula rubra. In the control group, 36% showed fungal isolates in their sputa, and the ID test showed a positive result for antibody in only one patient with Aspergillus isolate. Conclusions: Many opportunistic fungi are important uncommon pathogens in LRT infections in IC patients. The ID test is of limited value for the detection of specific antibody of Aspergillus spp.
any opportunistic fungi as Candida species, Aspergillus species, Cryptococcus neoformans and others tend to cause pneumonia in patients with congenital or acquired defects in their host defenses (1) .
On the other hand, opportunistic mycoses are infections due to fungi with low inherent virulence, which mean that the pathogens constitute limitless number of fungi that are present as saprophytes or endogenous as commensals (2) .
Aspergillus is a filamentous cosmopolitan fungus found in nature. Its pathogenicity is low and primary aspergillosis rarely occurs in man (3) . Aspergillosis is one of the earliest fungal diseases recognized and the major portal of entry for infection is the respiratory tract. Nosocomial infection may be associated with dust exposure during building renovation or construction. The most important nosocomial infection due to the Aspergillus species is pneumonia (4) . Hyalohyphomycetes are unusual hyaline fungal pathogens cause hyalohyphomycosis, where the tissue morphology of the causative organism is mycelial. The etiological agents include species of Penicillium, Paecilomyces, Acremonium, Fusarium, and Scopulariopsis (5) .
Phaeohyphomycetes are fungi with darkwalled septated hyphae and sometimes yeast or a combination of both forms in tissue that cause phaeohyphomycosis. These fungi include various dematiaceous hyphomycetes specially species of Exophilia, Phialophora, Bipolaris, Cladosporium and Alternaria (6) .
Candida are small yeasts that reproduce by budding. There are more than 150 species of Candida, about 10 of them cause diseases in human (6) . The main species is Candida albicans, and the others are C. tropicalis, C. krusei, C. parapsilosis (7) . Candida species are normal commensals of human. They produce a wide variety of infections, and distinguishing between colonization and infection can sometime be a challenge (8) . They are the most common cause of opportunistic mycoses worldwide. Candida pneumonia is one of the most challenging of all the candida infection. Cryptococcus have 37 species, the main human pathogen is C. neoformans. The organism exists as a yeast in both nature and tissue. It is 4-6 µm in diameter, with a capsule. Pulmonary infection with C. neoformans may have several untoward clinical sequelae (9) .
Most of them are viewed as being "clinically silent" (10) , but symptomatic disease can occur.
Pulmonary cryptococcosis is rare in the immunocompetent individuals (11) , or may be asymptomatic and resolve spontaneously. The disease commonly occurs in AIDS. It occurs also in those, who on cytotoxic chemotherapy, those receiving corticosteroids or patients with hematological malignancy (12) .
A group of rare yeasts, which are normally non pathogenic or with low virulence, and considered as occasional part of normal flora M in sputum, urine and stool (6) . The main genera of these yeasts are Trichosporon, Rhodotorulla, and Saccharomyces. The infections caused are opportunistic and occur in patients with altered host defense (13) .
Hence, the main aim of the present study is to identify the opportunistic fungi isolated from immunocompromised and immunocompetent patients with LRT infections. Normal control: Fifty apparently healthy individuals were enrolled in the current study as a control group. They were 28 (56%) males and 22 (44%) females. Their ages ranged between 15-60 (mean ± SD = 36.1 ± 12.3) years. These individuals were 20 hospital workers, 10 medical staff, 10 patients' companions, and 10 individuals from the general population visiting the hospitals.
Subjects and methods

Patients
Studied samples:
A total of 627 samples were collected from patients in Teaching Hospitals (RCU, Bronchoscopy Unit and Wards). The samples consisted of 247 sputum and 80 bronchial wash (27 patients with both sputum and bronchial wash at the same time). Three hundred samples of blood obtained from all patients. From the 50 control individuals, both sputum and blood samples were also obtained and processed in the same manner as for patients. The sputum of each patient was shaken, by a vortex for 3-5 minutes for homogenization. The B. wash was centrifuged for 5 minutes, then the sediment was used for culture and direct examination. The blood was centrifuged for 3 minutes then the serum stored at -20°C until use.
Isolation of the fungi
The clinical specimens (B. wash and/or sputum) of the patients and sputum of control individuals were inoculated onto brain heart infusion (BHI) blood agar and double plates of modified Sabouraud's agar with antibiotics then incubated at 28-30°C for several days (14) .
The cultures were examined daily after the third day of incubation, if no growth was obtained after 2 weeks, it was considered negative and discarded.
Direct examination
Four slides were prepared from each clinical specimen. Two wet mounted slides, one with 20% KOH solution and the second with 20% KOH and calcofluor solution, then examined under 40X of light and fluorescent microscopes respectively (14) . The third heat fixed smear was stained by Gram's method and examined under oil immersion lens, and the last slide was nigrosine stained smear. 
Identification of the isolates
Results
Among the 300 cases studied, a total of 204 opportunistic fungi were detected from IC (124) and IP (80) (Fig.1) .
Miscellaneous opportunistic molds
Ten isolates of the filamentous fungi were detected. They were 4 (1.9%) Penicillium, 3 (1.5%) Cladosporium, 2 (1%) Fusarium, and 1 (0.5%) Geotrichum (Table 1 ). The identification depended on the direct microscopical appearance of oval cells and fragments of mycelial elements by different staining methods, in addition to the culture on different media for the colonial morphology and microscopy. 
Opportunistic unicellular fungi
The total number of yeasts isolated from cases of LRT infections was 182 (89.2%). These isolates belong to 4 genera namely Genus Candida, Cryptococcus, Saccharomyces and Rhodotorula (Table 1) .
Genus Candida
The 169 (82.8%) isolates of this genus were categorized as C. albicans (129/169, 76.3%), C. tropicalis (14/169, 8.3%), C. krusei (5/169, 3%) and 21/169 (12.4%) were unidentified Candida species. The frequency of the isolated Candida species from IC were 47.6% in comparison to 35.3% in the IP ones ( Table  1 ). The relation of Candida isolates to the clinical diagnosis showed that the higher percentages of Candida species were obtained from cases of pneumonia.
Different tests were used to identify the species of the 169 isolates including direct examination of the clinical specimens with different stains, and culture on different media. Additional identification tests namely germ tube, chlamydospore, and API-C system were also used.
Genus Saccharomyces
Seven isolates (3.4%) of the genus Saccharomyces were detected from both IC (4) and IP (3) patients (Table 1) . Saccharomyces grew well on modified Sabouraud's agar, and all the 7 isolates were identified as S. cereviacia by API-C system.
Genus Rhodotorula
One isolate (0.5%) was obtained from the sputum of an IC patient (Table 2) with pneumonia. The isolate gave positive urease test and identified as R. rubra by API-C system.
Genus Cryptococcus
Five Cryptococcus isolates (2.5%) were detected from 4 IC and 1 IP patients (Table 1) . For the identification, the appearance of the capsule in direct examination of the clinical specimen stained with nigrosine. Colonies grow well on BHI blood agar, in addition to their growth on modified Sabouraud's agar at 28°C, the isolates gave positive urease test and grew well at 37°C. All the detected Cryptococci were identified as C. neoformans by API-C system.
Discussion
It is not easy to determine the pathogenic role of fungal isolates from the respiratory tract, i.e., to differentiate between infections, colonization and contamination (16) . However, the prevalence and prognosis of pulmonary fungal infection has been difficult to evaluate since diagnosis was seldom confirmed (17) . A significant difference (p< 0.001) was recorded in this study between the opportunistic isolates from IC and IP patients. An important factor contributing to the increasing incidence of infection by fungi that have not been previously described to be pathogenic, is the rise in numbers of IC patients who are susceptible hosts for the most uncommon microbial agents (2) .
In order to validate the results of fungal isolation from patients, a similar identification process was carried out on the 50 individuals of the control group. It was found that all the fungi isolated were of opportunistic yeasts including C. albicans (14%), S. cereviciae (2%), and unidentified Candida species (2%). This may throw light on the possibility of real LRT infections caused by the fungi isolated from patients.
Twelve patients showed Aspergillus isolates (5.9%). Those patients were predominantly males (11/12) . This is in keeping with other studies that reported infection occurs in males more than females (18) . Aspergillus isolates were encountered more (10/12) in IC than IP group of patients. Since Aspergillus is an opportunistic fungus, the IC patients are more susceptible for its colonization. Whether infection (aspergillosis) could happen, it is a matter of balance between the immunity of the person versus the pathogenicity of the organism. Denning and Coworker (19) mentioned that pulmonary aspergillosis depends upon the immune status of the patients. Airway colonization without evidence of tissue invasion can be found in chronic obstructive pulmonary disease patients, smokers, and even healthy individuals (20) .
The first step in the evaluation of clinical specimens during this work is mounting in 20% KOH solution with or without calcofluor stain, and Gram's stain which are useful to assess the suitability of specimens for further processing and interpretation. Out of the 12 positive isolates of Aspergilli, 8 of them showed branching septate hyphae in the sputum, bronchial wash or both of them. Ellis (21) reported that the presence of the hyaline, branching septate hyphae consistent with Aspergillus in any specimen from a patient with supporting clinical symptoms should be considered significant, but is not a specific identification of the causative agent. Immunodiffusion test showed positive line of precipitation for antibody in one case with Aspergillus isolate, while negative for antibody in the normal and case control groups. This test has proven to be of value in the diagnosis of aspergilloma and invasive aspergillosis. However, it should never be used alone, and must be correlated with other clinical and diagnostic data (21) .
The hyalohyphomycetes are rarely encountered in clinical specimens and rarely cause infection. Seven isolates of this group were identified during the study. All were obtained from IC patients with prolonged neutropenia, especially in leukemic patients, corticosteroid therapy, and cytotoxic chemotherapy. It was reported that the infection was more frequent in patients with acute leukemia (56%) and most patients (83%) were neutropenic at diagnosis (22) .
The one isolate of phaeohyphomycetes, namely Cladosporium was identified from 3 cases. The characteristic brown pigmented branching septate hyphae were detected in the clinical specimens in direct KOH and calcofluor mount, in addition to the culture. Clancy and Co-workers (23) reported that phaeohyphomycosis caused by brownpigmented fungi where the tissue morphology of the causative organism are mycelia. During recent years, a high incidence of yeast infection has been reported (24) . In the (9) mentioned that a small number of Candida species are normally present in healthy persons, but increased when the normal microbial flora is altered by antibiotics or when there is a defect in immunocompetence. In this work, C. albicans (76.3%) is the main isolate in comparism to C. tropicalis (8.3%) and C. krusei (3%), in addition to 12.4% unidentified Candida species. Jaffer (18) in Babylon province reported that C. albicans (69.2%) was the most common isolate in a study of pulmonary fungal infection, less frequency are C. tropicalis (19.2%), C. kefyr (7.6%) and C. krusei (3%). One hundred twenty nine isolates of C. albicans reported in this study were identified by the production of germ tube and formation of chlamydospore except 4 isolates showed negative germ tube production and identified by API-C system as the other non albican candida species. Germ tube and chlamydospore formation test were used for the identification of more than 90% of C. albicans (6) .
Cryptococcuses identified in this study represent 2.3% of the isolates. Among the 5 patients with Cryptococcus isolates, 4 of them from IC. This illustrates that colonization or infection occurs predominantly in such patients.
Furthermore, patients with pneumonia showed most of the Cryptococcus isolates (3/5). In a previous report, it was mentioned that Cryptococcus causes primarily pulmonary pneumonia then disseminates to other organs mainly the brain and meninges in IC patients (25) . The identification of
Cryptococcus depends on the presence of capsule, growth on BHI blood agar at 28°C and positive urease test, then identified to species level by API-C system. The demonstration of encapsulated yeast cells by nigrosine in sputum specimens should be considered significant for Cryptococcus (24) .
Saccharomyces has been reported rarely as a cause of opportunistic infection. Saccharomyces cereviciae which is identified by API-C system during the study, accounted for 3.4% of all the isolated fungi. Kiehen and colleagues (26) reported that Saccharomyces cereviciae accounted for less than 1% of all yeast infections isolated at a cancer hospital and mostly isolated from the respiratory tract. Saccharomyces cereviciae constitute part of the normal or transient flora of the throat (27) and from the control group of this study 2/50 (4%) individuals showed Saccharomyces cereviciae in their sputum. The Rhodotorula may colonize humans, but may infect individuals with predisposing risk factors. One isolate of this yeast was detected from sputum of IC patient, and identified as R. rubra by API-C system. Tuon and Costa mentioned that Rhodotorula was previously considered non-pathogenic, but during the last decades, it has emerged as an opportunistic etiologic agent particularly in IC patients (28) .
